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a  b  s  t  r  a  c  t
Bucculatrix  mirnae  Vargas  and  Moreira,  2012  (Lepidoptera,  Bucculatricidae)  is  a  micromoth  native  to  the
coastal  valleys  of the  Atacama  Desert  previously  known  to occur  only  in  the  type locality  of  the  Azapa
Valley,  close  to sea level.  Its  immature  stages  are  associated  with  the shrub  Baccharis  salicifolia  (Ruiz &
Pav.) Pers.  (Asteraceae).  We  report  data  on  the  occurrence  of B.  mirnae  found  for the  ﬁrst  time  at 3500  meywords:
steraceae
accharis alnifolia
accharis salicifolia
eaf miner
above  sea  level  on the  western  slopes  of  the  Andes  mountains  of  northern  Chile.  In addition,  Baccharis
alnifolia  Meyen  &  Walp.  is  recorded  as a new  host  plant  for  B. mirnae.  The  implications  of this ﬁnding  for
conservation  in  the  arid  western  slopes  of the Andes  habitats  in  northern  Chile  are  discussed.
© 2016  Sociedade  Brasileira  de  Entomologia.  Published  by  Elsevier  Editora  Ltda.  This  is an  open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).eaf skeletonizer
Mountain ecosystems typically harbor a wide range of habi-
ats distributed across altitudinal gradients, along which several
arameters related to insect populations and communities can be
trikingly affected (Brehm and Fiedler, 2003; Pyrcz et al., 2009;
hoi and An, 2010; Pellissier et al., 2012; Carneiro et al., 2014;
e Groot and Kogoj, 2015; Gillette et al., 2015). Thus, descriptive
tudies on the biodiversity of little-known mountain ecosystems
re essential to improve the understanding of ecological and evo-
utionary aspects of such biota, making it possible to implement
etter planning and conservation management (Costa et al., 2015).
The Andes mountains of northern Chile are characterized by the
resence of several vegetation belts, restricted to speciﬁc altitudi-
al ranges, whose biota have been only partially studied (Luebert
nd Pliscoff, 2006). Within the Lepidoptera found in this area, but-
erﬂies have been relatively well inventoried and investigated in
elation to their ecology and conservation status (Despland et al.,
012; Vargas and Benítez, 2013; Despland, 2014; Vargas et al.,
015). On the other hand, micromoths have received little attention
n the scientiﬁc literature, probably due to their inconspicuousness,
hich has resulted in a very limited sampling effort. Accordingly,
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reativecommons.org/licenses/by-nc-nd/4.0/).the taxonomic composition of the micromoth families remains
unknown for the different high-altitude arid habitats of this part
of the Andes.
Bucculatricidae is a widely distributed family of micromoths
with approximately 250 species described around the world, most
of which are represented in the Nearctic region (Braun, 1963). Con-
trastingly, the Neotropical fauna of this family has not yet been
comprehensibly studied, as just a few species are recorded in this
region (Davis and Miller, 1984; Davis et al., 2002).
Larvae of Bucculatricidae are characterized by hypermetamor-
phic development with up to three morphs in the ontogeny (Friend,
1927; Vargas and Moreira, 2012). Most species are leaf miners in
their early instars, becoming either skeletonizers or stem borers
in later instars (Davis and Robinson, 1998). On the other hand,
there are a number of species that are exclusively leaf miners or
gall inducers throughout their lifetime (Braun, 1963). Interestingly,
in such species whose larvae become external feeders, a smooth
molting cocoon is constructed by third and fourth instars, which
makes them strikingly different from the conspicuously ridged
pupal cocoon constructed by the ﬁfth (last) instar (Braun, 1963).Bucculatrix mirnae Vargas and Moreira, 2012 is the only species
of Bucculatricidae from Chile that has been described to date. Its
larvae are associated with Baccharis salicifolia (Ruiz & Pav.) Pers.
(Asteraceae), feeding internally as leaf miners during the ﬁrst three
a Ltda. This is an open access article under the CC BY-NC-ND license (http://
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Figs. 1–2. The habitats of Bucculatrix mirnae in the arid northern Chile. (1) The low-
land Azapa Valley (type locality) located in the coastal Atacama Desert close sea
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52,  1–51.evel. (2) The highland neighborhood of Putre village at about 3500 m elevation on
he western slopes of the Andes.
nstars, and subsequently changing to external feeding as leaf skele-
onizers in the fourth and ﬁfth instars (Vargas and Moreira, 2012).
lthough the geographic range of B. mirnae could include addi-
ional coastal valleys of the Atacama Desert, records are currently
estricted to the type locality of the Azapa Valley (Fig. 1), in the
rica Province, in northern Chile. The objective of this contribu-
ion is to expand the altitudinal range of B. mirnae,  to report a new
ost plant association, and to discuss the importance of host plant
istribution to conserve B. mirnae.
As part of a study of the Lepidoptera associated with the native
egetation of northern Chile, nine skeletonizer larvae of Bucculat-
icidae were found actively feeding on leaves of Baccharis alnifolia
eyen & Walp. (Asteraceae) in July 2013 near Putre village (Fig. 2),
n Parinacota Province, at about 3500 m above sea level. The larvae
ere collected and brought to the laboratory in plastic vials. Leaves
f the same plant were added daily until the last instar started to
onstruct the pupal cocoon. Vials were periodically examined to
erify adult emergence. The adults obtained were mounted and
tudied, following standard procedures for taxonomic identiﬁca-
ion (Basilio et al., 2015). Voucher specimens were deposited in the
Colección Entomológica de la Universidad de Tarapacá” (IDEA),
rica, Chile.
Four male and ﬁve female adults of B. mirnae were obtained from
he larvae collected in the ﬁeld. This ﬁnding expands the altitudinal
ange of this micromoth by more than 3000 m since it has previ-
usly been recorded only at near sea level. In addition, this is thea de Entomologia 60 (2016) 356–358 357
ﬁrst record of B. alnifolia as a host plant for B. mirnae, as the previous
record was  on the species B. salicifolia (Vargas and Moreira, 2012).
Although several Asteraceae-feeding Bucculatrix have been
reared from just one host plant, some species are associated with
a few congeneric hosts or with a few hosts belonging to different
genera (Braun, 1963). Based on the ﬁndings reported here, it seems
that the capacity of B. mirnae to use different plants of Baccharis
would allow it to survive in both lowland and highland habitats.
However, it is known that depending on their dispersal abili-
ties, insect populations can undergo local adaptations and genetic
differentiation associated with habitat diversity along altitudinal
gradients (Hodkinson, 2005). For instance, cryptic differentiation
correlated with elevation was  reported for an endemic micromoth
from the Galapagos Islands, clearly associated with different habi-
tats (Schmitz et al., 2008). In addition, differential host plant use can
play an extremely important role in the ecology and evolution of
Lepidoptera (Ohshima, 2008; Jorge et al., 2011; Benítez et al., 2015),
and cryptic species of micromoths can be associated with different
host plants (Huemer et al., 2014; Kawakita and Kato, 2016).
A considerable habitat diversity is represented throughout the
altitudinal gradient displayed from the lowland coastal area of the
Atacama Desert to the highland Altiplano area of the Andes region
in the northernmost part of Chile, where several species of Bac-
charis are represented (Luebert and Pliscoff, 2006). In the case of
butterﬂies, for instance, their distribution and abundance on dif-
ferent altitudinal belts appear to be determined by the presence
of adequate host plants (Benyamini, 1995; Despland et al., 2012;
Vargas and Benítez, 2013; Despland, 2014; Vargas, 2014). Thus,
documenting the geographical distribution of the scattered host
plants of B. mirnae becomes essential in order to conserve suitable
habitats for this micromoth species. Additionally, decision making
based upon host plant distribution would allow the conservation
of a wide range of high altitude habitats on the western slopes of
the Andes mountains of northern Chile, an area with arid habitats
under severe threat due to shifts in land use that favor either min-
ing or tourism (Despland et al., 2012; Despland, 2014). New species
records and associations such as the one presented in this study
contribute to reinforce the importance of utilizing new species
records to conserve species as well as habitats.
Conﬂicts of interest
The authors declare no conﬂicts of interest.
Acknowledgements
The authors thank two anonymous reviewers for suggestions
that substantially improved the ﬁnal version of the manuscript, Dr.
Mariana Lazzaro for proof reading this manuscript, and Marcelo
Vargas-Ortiz for editing the ﬁgures. This study was  ﬁnanced by
project grant DGI-UTA9713-16.
References
Basilio, D.S., Casagrande, M.M.,  Bordignon, S.A.L., Moreira, G.R.P., 2015. Descrip-
tion and life history of a new cecidogenous species of Palaeomystella Fletcher
(Lepidoptera. Momphidae) from Brazil. Rev. Bras. Entomol. 59, 188–196.
Benítez, H.A., Vargas, H.A., Püschel, T.A., 2015. Left-right asymmetry and morpholog-
ical  consequences of a host shift in the oligophagous Neotropical moth Macaria
mirthae (Lepidoptera: Geometridae). J. Insect Conserv. 19, 589–598.
Benyamini, D., 1995. Synopsis of biological studies of the Chilean Polyommatini
(Lepidoptera. Lycaenidae). Rep. Mus. Nat. Hist. Univ. Wisconsin (Stevens Point)Braun, A.F., 1963. The genus Bucculatrix in North America north of Mexico. Mem.
Am.  Entomol. Soc. 18, 1–208.
Brehm, G., Fiedler, K., 2003. Faunal composition of geometrid moths changes with
altitude in an Andean montane rain forest. J. Biogeogr. 30, 431–440.
3 asileir
C
C
C
D
D
D
d
D
D
F
G
H58 H.A. Vargas, E.A. Mundaca / Revista Br
arneiro, E., Mielke, O.H.H., Casagrande, M.M.,  Fiedler, K., 2014. Skipper richness
(Hesperiidae) along elevational gradients in Brazilian Atlantic Forest. Neotrop.
Entomol. 43, 27–38.
hoi, S.-W., An, J.-S., 2010. Altitudinal distribution of moths (Lepidoptera) in Mt.
Jirisan National Park. South Korea. Eur. J. Entomol. 107, 229–245.
osta, D.P., Santos, N.D., Rezende, M.A., Buck, W.R., Schäfer-Verwimp, A., 2015. Bry-
oﬂora of the Itatiaia National Park along an elevation gradient: diversity and
conservation. Biodivers. Conserv. 24, 2199–2212.
avis, D.R., Miller, S.E., 1984. Lyonetiidae. In: Heppner, J.B. (Ed.), Atlas of Neotrop-
ical Lepidoptera, Checklist: Part 1, Micropterigoidea – Immoidea. Dr. W.  Junk
Publishers, The Hague, p. 25.
avis, D.R., Robinson, G.S., 1998. The Tineoidea and Gracillarioidea. In: Kristensen,
N.P. (Ed.), Handbook of Zoology, Lepidoptera, Moths and Butterﬂies, vol. 1: Evo-
lution, Systematics and Biogeography. Walter de Gruyter, Berlin & New York,
pp. 91–117.
avis, D.R., Landry, B., Roque-Albelo, L., 2002. Two  new Neotropical species of
Bucculatrix leaf miners (Lepidoptera: Bucculatricidae) reared from Cordia (Bor-
aginaceae). Rev. Suisse Zool. 109, 277–294.
e Groot, M.,  Kogoj, M.,  2015. Temperature, leaf cover density and solar radiation
inﬂuence the abundance of an oligophagous insect herbivore at the southern
edge of its range. J. Insect. Conserv. 19, 891–899.
espland, E., 2014. Butterﬂies of the high-altitude Atacama Desert: habitat use and
conservation. Front. Genet. 5, 334.
espland, E., Humire, R., San Martin, S., 2012. Species richness and phenology of but-
terﬂies along an altitude gradient in the desert of northern Chile. Arct. Antarct.
Alp.  Res. 44, 423–431.
riend, R.B., 1927. The biology of the birch leaf skeletonizer Bucculatrix canaden-
sisella.  Chambers. Conn. AES Bull. 288, 393–486.illette, P.N., Ennis, K.K., Martínez, G.D., Philpott, S.M., 2015. Changes in species
richness, abundance, and composition of arboreal twig-nesting ants along an
elevational gradient in coffee landscapes. Biotropica 47, 712–722.
odkinson, I.D., 2005. Terrestrial insects along elevation gradients: species and com-
munity responses to altitude. Biol. Rev. 80, 489–513.a de Entomologia 60 (2016) 356–358
Huemer, P., Karsholt, O., Mutanen, M.,  2014. DNA barcoding as a screening tool for
cryptic diversity: an example from Caryocolum, with description of a new species
(Lepidoptera, Gelechiidae). ZooKeys 404, 91–111.
Jorge, L.R., Cordeiro-Estrela, P., Klaczko, L.B., Moreira, G.R.P., Freitas, A.V.L., 2011.
Host-plant dependent wing phenotypic variation in the neotropical butterﬂy
Heliconius erato. Biol. J. Linn. Soc. 102, 765–774.
Kawakita, A., Kato, M., 2016. Revision of the Japanese species of Epicephala Meyrick
with descriptions of seven new species (Lepidoptera. Gracillariidae). ZooKeys
568,  87–118.
Luebert, F., Pliscoff, P., 2006. Sinopsis bioclimática y vegetacional de Chile. Editorial
Universitaria, Santiago, Chile.
Ohshima, I., 2008. Host race formation in the leaf-mining moth Acrocercops transecta
(Lepidoptera: Gracillariidae). Biol. J. Linn. Soc. 93, 135–145.
Pellissier, L., Fiedler, K., Ndribe, C., Dubuis, A., Pradervand, J.-N., Guisan, A., Rasmann,
S.,  2012. Shifts in species richness, herbivore specialization, and plant resistance
along elevation gradients. Ecol. Evol. 2, 1818–1825.
Pyrcz, T.W., Wojtusiak, J., Garlacz, R., 2009. Diversity and distribution patterns of
Pronophilina butterﬂies (Lepidoptera: Nymphalidae: Satyrinae) along an altitu-
dinal transect in North-Western Ecuador. Neotrop. Entomol. 38, 716–726.
Schmitz, P., Cibois, A., Landry, B., 2008. Cryptic differentiation in the endemic micro-
moth Galagete darwini (Lepidoptera. Autostichidae) on Galápagos volcanoes.
Philos. Trans. R. Soc. B 363, 3453–3458.
Vargas, H.A., 2014. Lycaenid caterpillars (Lepidoptera. Lycaenidae) eating ﬂowers
of Dalea pennellii var. chilensis (Fabaceae) in the northern Chilean Andes. Rev.
Bras. Entomol. 58, 309–312.
Vargas, H.A., Benítez, H.A., 2013. Egg phenology of a host-specialist butterﬂy in the
western slopes of the northern Chilean Andes. Neotrop. Entomol. 42, 595–599.
Vargas, H.A., Cerden˜a, J., Lamas, G., 2015. Zerene cesonia limonella Lamas (Pieridae):
ﬁrst distribution record in Chile and ﬁrst host plant record. J. Lepid. Soc. 69,
326–327.
Vargas, H.A., Moreira, G.R.P., 2012. A new species of Bucculatrix Zeller (Lepidoptera:
Bucculatricidae) associated with Baccharis salicifolia (Asteraceae) in northern
Chile. Zootaxa 3300, 20–33.
